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(57) ABSTRACT 

According to one embodiment, a battery includes an elec 
trode group, a tab, a conductive nipping member, a case, a lid 
and a lead. The conductive nipping member includes first and 
second nipping sections. The first and second nipping sec 
tions divide the tab into two bundles in which portions of the 
tab are laminated onto each other in a thickness direction of 
the electrode group. The lead includes a connecting section 
connected electrically to a terminal, and current collecting 
sections which are two sections branched from the connect 
ing section and Sandwiching the nipping member. 

8 Claims, 12 Drawing Sheets 
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BATTERY COMPRISINGA CONDUCTIVE 
NIPPING MEMBER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from Japanese Patent Applications No. 2009-197193, 
filed Aug. 27, 2009; and No. 2009-197194, filed Aug. 27, 
2009; the entire contents of both of which are incorporated 
herein by reference. 

FIELD 

Embodiments described herein relate generally to a bat 
tery. 

BACKGROUND 

In recent years, with the progress of electronic instruments 
Such as portable telephones and personal computers, second 
ary batteries used in these instruments have been required to 
have Small size and light weight. High-energy-density sec 
ondary batteries that can satisfy the requirements are lithium 
ion secondary batteries. In the meantime, a secondary battery, 
Such as a lead storage battery or a nickel hydrogen battery, has 
been used as a large-size and large-capacity power Source. A 
typical example of the large-size and large-capacity power 
Source is a power source for an electric Vehicle, a hybrid car, 
an electric motorbike or a forklift. Recently, developments 
have been actively made to adopt a lithium ion secondary 
battery, which is high in energy density. In the developments, 
increases in the size and the capacity thereof have been 
advanced while an improvement in the cycle life, the safety 
and others has been taken into consideration. 
As a power source for these vehicles or articles, use is made 

of a battery pack in which plural batteries connected in series 
or in parallel are held since the driving power thereof is large 
(see, for example, JP-A 2009-87542 (KOKAI), and JP-A 
2009-87720 (KOKAI)). 
The shape of sealed secondary batteries is generally a 

cylindrical shape or a rectangular shape. Attention has been 
paid, in particular, to rectangular sealed secondary batteries 
since the batteries are excellent in space efficiency when the 
batteries are each set into an instrument. 

In a sealed secondary battery, use is made of for example, 
a flat-shaped electrode group in which band-form positive 
and negative electrodes, in each of which an electrode active 
material layer is formed on each Surface of a metal foil, are 
wound into a flatform with a band-form separator interposed 
therebetween. In order to take out electric energy generated 
by the flat-shaped electrode group, it is known that a metal foil 
area on which no electrode active material layer is formed is 
formed onto each of the positive and negative electrodes, and 
a lead or the like is joined to each of the areas to take out 
electric energy. Furthermore, for example, Japanese Patent 
No. 4134521, and JP-A 2003-197174 (KOKAI) disclose that 
individual metal foils are laminated/bundled on with each 
other, and then leads or the like are welded to the foils in this 
state in order to enhance the current collecting efficiency. 

In order to enhance the energy density of a battery, it is 
necessary that a larger Volume of a flat-shaped electrode 
group be stored in a metal case. Moreover, it is feared that a 
large current flows into leads for collecting electric energy or 
sections for joining the leads, whereby heat is easily gener 
ated and at worst the battery may be damaged by the heat. 
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2 
However, the batteries described in Japanese Patent No. 

4134521, and JP-A 2003-197174 (KOKAI) do not suffi 
ciently solve these problems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view illustrating a rect 
angular secondary battery of a first embodiment; 

FIG. 2 is a perspective view illustrating the external appear 
ance of the battery in FIG. 1; 

FIG. 3 is an exploded perspective view of an electrode 
group used in the battery in FIG. 1; 

FIG. 4 is an enlarged sectional view taken online IV-IV in 
FIG. 1 as viewed along the direction of arrows; 

FIG. 5 is a schematic view illustrating a state that portions 
of each of positive and negative electrode tabs are laminated 
onto each other in the electrode group; 

FIG. 6A is a schematic view for comparing ultrasonic 
welding in the battery in FIG. 1 with ultrasonic welding in a 
Comparative Example; 

FIG. 6B is a schematic view for comparing ultrasonic 
welding in the battery in FIG. 1 with ultrasonic welding in the 
Comparative Example; 

FIG. 7 is an exploded perspective view illustrating a battery 
of a second embodiment; 

FIG. 8 is a perspective view illustrating a step of storing an 
electrode group in the battery in FIG. 7 into a case: 

FIG. 9 is an exploded perspective view illustrating the 
electrode group in FIG. 7: 

FIG. 10 is a perspective view illustrating first and second 
insulating covers used in a battery of a third embodiment; 

FIG. 11 is a perspective view illustrating an electrode 
group used in a battery of a fourth embodiment; 

FIG. 12 is a perspective view schematically illustrating a 
state that an electrolytic solution is contained into the case of 
the battery according to the fourth embodiment; 

FIG. 13 is a partially-exploded perspective view of a bat 
tery of a fifth embodiment; 

FIG. 14 is a chart showing a program of a pulse charging 
and discharging test; 

FIG. 15 is a graph showing a change with time in the 
temperature of each of a thermostat, a positive electrode 
terminal, a negative electrodeterminal and the center of a case 
in pulse charging and discharging operations in STEP 4; 

FIG. 16 is a graph showing a change with time in the 
current and the Voltage of a cell in the pulse charging and 
discharging operations in STEP 4; 

FIG. 17 is a graph showing a change with time in the 
temperature of each of a thermostat, a positive electrode 
terminal, a negative electrodeterminal and the center of a case 
in pulse charging and discharging operations in STEP5; and 

FIG. 18 is a graph showing a change with time in the 
current and the Voltage of a cell in the pulse charging and 
discharging operations in STEP 5. 

DETAILED DESCRIPTION 

In general, according to one embodiment, a battery 
includes an electrode group, a positive electrode tab, a nega 
tive electrode tab, a conductive positive electrode nipping 
member, a conductive negative electrode nipping member, a 
case, a lid, a positive electrode lead and a negative electrode 
lead. 
The electrode group includes a positive electrode, a nega 

tive electrode and a separator. The positive electrode and the 
negative electrode are wound into a flat form with the sepa 
rator interposed therebetween. The positive electrode 
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includes a positive electrode current collector. The negative 
electrode includes a negative electrode current collector. 
The positive electrode tab is a section of the positive elec 

trode current collector projected into a spiral form from one 
end face of the electrode group. The negative electrode tab is 
a section of the negative electrode current collector projected 
into a spiral form from the other end face of the electrode 
group. 
The conductive positive electrode nipping member 

includes first and second nipping sections and a linking sec 
tion which connects the first and second nipping sections 
electrically to each other. The first and second nipping sec 
tions divide the positive electrode tab into two bundles in 
which portions of the tab are laminated onto each other in a 
thickness direction of the electrode group. The first and sec 
ond nipping sections nip the bundles, respectively. 
The conductive negative electrode nipping member 

includes first and second nipping sections and a linking sec 
tion which connects the first and second nipping sections 
electrically to each other. The first and second nipping sec 
tions divide the negative electrode tab into two bundles in 
which portions of the tab are laminated onto each other in the 
thickness direction of the electrode group, and nip the 
bundles, respectively. 

The electrode group is stored in the case. The lid is pro 
vided to an opening in the case, and the lid includes a positive 
electrode terminal and a negative electrode terminal. 
The positive electrode lead includes a connecting section 

connected electrically to the positive electrode terminal, and 
current collecting sections which are two sections branched 
from the connecting section and sandwiching the positive 
electrode nipping member. One of the two sections is con 
nected electrically to the first nipping section of the positive 
electrode nipping member. The other is connected electrically 
to the second nipping section. 

The negative electrode lead includes a connecting section 
connected electrically to the negative electrode terminal, and 
current collecting sections which are two sections branched 
from the connecting section and sandwiching the negative 
electrode nipping member. One of the two sections is con 
nected electrically to the first nipping section of the negative 
electrode nipping member. The other is connected electrically 
to the second nipping section. 

According to the embodiment, a battery includes an elec 
trode group, a positive electrode tab, a negative electrode tab, 
a case, a lid, a positive electrode lead, a negative electrode 
lead, an insulating tape, a first insulating cover and a second 
insulating cover. 
The positive electrode lead includes one end which is elec 

trically connected to the positive electrode terminal, and the 
other end which is electrically connected to the positive elec 
trode tab. The negative electrode lead includes one end which 
is electrically connected to the negative electrode terminal, 
and the other end which is electrically connected to the nega 
tive electrode tab. 

The insulating tape is arranged on an outermost circumfer 
ence of the electrode group. The first insulating cover 
includes a resin molded product having a shape which covers 
areas of the positive electrode lead and the positive electrode 
tab which are areas opposed to an inside Surface of the case. 
The second insulating cover includes a resin molded product 
having a shape which covers areas of the negative electrode 
lead and the negative electrode tab which are areas opposed to 
the inside surface of the case. 
(First Embodiment) 
A first embodiment provides a battery having a structure 

making the following possible: a larger Volume of a flat 
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4 
shaped electrode group is stored in a case to make the energy 
density high; and the resistances of connections of positive 
and negative electrode leads, and some other connection are 
restrained so that electric current can be effectively collected. 
The first embodiment comprises the following structures 

(i) to (iii) in order to solve the above-mentioned problems: (i) 
a positive electrode tab is projected into a spiral form from 
one of the two end faces of an electrode group, and further a 
negative electrode tab is projected into a spiral form from the 
other end face; (ii) the positive and negative electrode tabs are 
each divided into two bundles in which portions of the tab are 
laminated onto each other in the thickness direction of the 
electrode group, and one of the bundles is nipped by a first 
nipping section of a nipping member while the other bundle is 
nipped by a second nipping section of the nipping member; 
and (iii) a current collector portion on which no active mate 
rial layer is formed is used as each of the positive and negative 
electrode tabs. According to the structures (i) to (iii), it is 
possible to shorten the length of a portion of each of the 
positive and negative electrode tabs that is projected from a 
separator. 

Positive and negative electrode leads connected electri 
cally to positive and negative terminals formed in a lid, 
respectively. The positive and negative electrode leads com 
prises connecting sections connected to the positive and nega 
tive terminals, respectively; and two current collecting sec 
tions that are two sections branched from the corresponding 
connecting section and that Sandwich the corresponding nip 
ping member therebetween. One of the current collecting 
sections is electrically connected to the outside face of the 
first nipping section of the corresponding nipping member, 
and further the other is electrically connected to the outside 
face of the second nipping section thereof. The positive and 
negative electrode leads, which have the above-mentioned 
structures, can be arranged within the thickness of the flat 
shaped electrode group. 

According to the above-mentioned matters, the space of 
the case can be effectively used. As for the area where active 
material containing slurry is applied to the current collector, 
the slurry-applied width of the area can be kept larger. As a 
result, the short width of the tab can be kept smaller. In this 
way, the energy density of the battery of the embodiment, 
which may be a rectangular secondary battery, can be 
improved. 

Moreover, the first and second nipping sections of each of 
the two nipping members are electrically connected to each 
other through a linking section, and further the positive or 
negative lead is electrically connected to the first and second 
nipping sections; therefore, tab-sections to be electrically 
connected to each of the leads can be located at two positions 
that are substantial evenly distributed in the thickness direc 
tion of the electrode group. In this way, a good current 
collecting balance can be obtained. 

Furthermore, since the first and second nipping sections of 
each of the nipping members are linked to each other through 
the linking section, a space can be certainly kept between the 
first and second nipping sections. Thus, when each of the 
positive and negative electrode leads, the corresponding nip 
ping member, and the corresponding positive or negative 
electrode tab are welded to each other by ultrasonic welding, 
an ultrasonic welding horn oranvil can be certainly inserted 
and arranged into the space between the first and second 
nipping sections. As a result, the ultrasonic welding can easily 
be attained. It is allowable to arrange, in the space, either the 
ultrasonic welding horn or the anvil in accordance with con 
ditions for the welding. 
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With reference to the drawings, the battery according to the 
first embodiment will be described hereinafter. The invention 
is not limited to this embodiment. 
A battery 20 illustrated in FIGS. 1 and 2 is a sealed, rect 

angular, nonaqueous electrolyte secondary battery. The bat 
tery 20 comprises a case 1, a flat-shaped electrode group 2 
stored in the case 1, positive and negative electrode leads 3 
and 4 positioned in the case 1, a lid 5 provided to an opening 
in the case 1, and positive and negative electrode terminals 6 
and 7 provided on the lid 5. 
The case 1 has a bottomed, rectangular cylindrical shape, 

and is made of for example, a conductive material Such a 
metal and an alloy. Examples of the conductive material 
include aluminum, an aluminum alloy, iron and stainless 
steel. An electrolytic solution (not illustrated) is stored in the 
case 1, and the flat-shaped electrode group 2 is impregnated 
with the electrolytic solution. 
As illustrated in FIG.3, the flat-shaped electrode group 2 is 

a member in which a positive electrode 8 and a negative 
electrode 9 are wound into a flat form with a separator 10 
interposed therebetween. The positive electrode 8 contains a 
band-form positive electrode current collector made of, for 
example, metal foil, a positive electrode tab 8a made of an end 
section of the positive electrode current collector that is par 
allel to long sides of the collector, and a positive electrode 
active material layer 8b formed onto an area of the positive 
electrode current collector other than at least the positive 
electrode tab 8a area. The negative electrode 9 contains a 
band-form negative electrode current collector made of, for 
example, metal foil, a negative electrode tab 9a made of an 
end section of the negative electrode current collector that is 
parallel to longsides of the collector, and a negative electrode 
active material layer 9b formed onto an area of the negative 
electrode current collector other than at least the negative 
electrode tab 9a area. 
The positive electrode 8, the separators 10 and the negative 

electrode 9 are wound to deviate the positions of the positive 
electrode 8 and the negative electrode 9 from each other such 
that the positive electrode tab 8a is projected from the sepa 
rators 10 in one direction along the winding axis of the elec 
trode group, and further the negative electrode tab 9a is pro 
jected from the separators 10 in the other direction, which is 
opposite to the above-mentioned direction. As illustrated in 
FIG. 1, according to the winding, as for the electrode group 2. 
the positive electrode tab 8a wound into a spiral form is 
projected from one of the two end faces, and further the 
negative electrode tab 9a wound into a spiral form is projected 
from the other end face. 
As illustrated in FIG. 4, the negative electrode tab 9a is 

divided into two bundles in each of which portions of the tab 
are laminated onto each other in the thickness direction T of 
the electrode group. Specifically, the boundary between the 
bundles is a space which is positioned inside the wound tab 
portions and in the vicinity of the center of the electrode group 
2. A winding core may be inserted in the space when the 
electrode group is formed. The portions of each of halves of 
the tab 9a are laminated onto each other in the thickness 
direction. In this way, the two bundles of the portions of the 
negative electrode tab 9a are formed. The conductive negative 
electrode nipping member 11 comprises first and second nip 
ping sections 11a and 11b that are each in the form of reverse 
“C”, and a linking section 11c connected electrically to the 
first and second nipping sections 11a and 11b. The linking 
section 11c is positioned between the first and second nipping 
sections 11a and 11b, and causes the sections 11a and 11b to 
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6 
be linked to each other such that the sections 11a and 11b are 
continuous with each other in the thickness direction of the 
electrode group 2. 
One of the bundles of the portions of the negative electrode 

tab 9a is nipped by the first nipping section 11a so as to be 
held thereby. The other bundle of the portions of the negative 
electrode tab 9a is nipped by the second nipping section 11b 
so as to be held thereby. The method for electrically connect 
ing the negative electrode tab 9a to the first and second nip 
ping sections 11a and 11b is not particularly limited, and may 
be, for example, ultrasonic welding. 

In the same manner as in the case of the negative electrode 
tab 9a, the positive electrode tab 8a is divided into two 
bundles in each of which portions of the tab are laminated 
onto each other in the thickness direction T of the electrode 
group. As illustrated in FIG. 1, the conductive positive elec 
trode nipping member 12 comprises first and second nipping 
sections 12a and 12b (the section 12a being not illustrated) 
that are each in the form of reverse “C”, and a linking section 
(not illustrated) connected electrically to the first and second 
nipping sections 12a and 12b. The linking section is posi 
tioned between the first and second nipping sections 12a and 
12b, and causes the sections 12a and 12b to be linked to each 
other such that the sections 12a and 12b are continuous with 
each other in the thickness direction of the electrode group 2. 
One of the bundles of the portions of the positive electrode 

tab 8a is nipped by the first nipping section 12a So as to be 
held thereby. The other bundle of the portions of the positive 
electrode tab 8a is nipped by the second nipping section 12b 
so as to be held thereby. The method for electrically connect 
ing the positive electrode tab 8a to the first and second nipping 
sections 12a and 12b is not particularly limited, and may be, 
for example, ultrasonic welding. 
As illustrated in FIG. 1, the negative electrode lead 4 com 

prises a connecting plate 4a to be connected electrically to the 
negative electrode terminal 7, a through hole 4b made in the 
connecting plate 4a, and strip-form current collecting sec 
tions 4c and 4d that are two sections branched from the 
connecting plate 4a So as to extend downward. The positive 
electrode lead 3 comprises a connecting plate 3a to be con 
nected electrically to the positive electrode terminal 6, a 
through hole 3b made in the connecting plate 3a, and strip 
form current collecting sections 3c and 3d that are two sec 
tions branched from the connecting plate 3a so as to extend 
downward. 
As illustrated in FIGS. 1 and 4, as for the negative electrode 

lead 4, the negative electrode nipping member 11 is sand 
wiched between its current collecting sections 4c and 4d. The 
current collecting section 4c is arranged onto the outside face 
of the first nipping section 11a of the negative electrode 
nipping member 11 while the current collecting section 4d is 
arranged onto the outside face of the second nipping section 
11b. The outside faces of the first and second nipping sections 
11a and 11b cover outermost circumferential surfaces of the 
bundles of the portions of the negative electrode tab 9a. 
Between the portions of the negative electrode tab 9a nipped 
by the first nipping section 11a, electrically connecting is 
attained by, for example, ultrasonic welding, as well as 
between the bundle of the portions of the negative electrode 
tab 9a and the first nipping section 11a, and between the first 
nipping section 11a and the current collecting section 4c. 
Between the portions of the negative electrode tab 9a nipped 
by the second nipping section lib, electrically connecting is 
attained by, for example, ultrasonic welding, as well as 
between the other bundle of the portions of the negative 
electrode tab 9a and the second nipping section 11b, and 
between the second nipping section 11b and the current col 
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lecting section 4d. In this way, the negative electrode 9 of the 
electrode group 2 is electrically connected to the negative 
electrode lead 4 through the negative electrode tab 9a. 

In the same manner as in the case of the negative electrode 
lead 4, as for the positive electrode lead 3, the positive elec 
trode nipping member 12 is sandwiched between its current 
collecting sections 3c and 3d. The current collecting section 
3c is arranged onto the outside face of the first nipping section 
12a of the positive electrode nipping member 12 while the 
current collecting section 3d is arranged onto the outside face 
of the second nipping section 12b. The outside faces of the 
first and second nipping sections 12a and 12b cover outer 
most circumferential surfaces of the bundles of the portions of 
the positive electrode tab 8a. Between the portions of the 
positive electrode tab 8a nipped by the first nipping section 
12a, electrically connecting is attained by, for example, ultra 
sonic welding, as well as between the bundle of the portions 
of the positive electrode tab 8a and the first nipping section 
12a, and between the first nipping section 12a and the current 
collecting section 3c. Between the portions of the positive 
electrode tab 8a nipped by the second nipping section 12b, 
electrically connecting is attained by, for example, ultrasonic 
welding, as well as between the other bundle of the portions of 
the positive electrode tab 8a and the second nipping section 
12b, and between the second nipping section 12b and the 
current collecting section 3d. In this way, the positive elec 
trode 8 of the electrode group 2 is electrically connected to the 
positive electrode lead3 through the positive electrode tab 8a. 
The positive and negative electrode nipping members 11 

and 12 may be made of a conductive material Such as metal. 
It is desired that the thickness of each of the first and second 

nipping sections 12a and 12b of the positive electrode nipping 
member 12 is smaller than that of the positive electrode lead 
3 and further the thickness of each of the first and second 
nipping sections 11a and 11b of the negative electrode nip 
ping member 11 is smaller than that of the negative electrode 
lead 4. This makes it possible to nip the bundled portions by 
each of the first and second nipping sections easily and weld 
the bundled portions easily so as to lower the resistances of 
the connections between the first and second nipping sections 
and the tabs. 

In the meantime, as illustrated in FIG. 1, the negative 
electrode terminal 7 is attached to the lid 5 by, for example, 
caulking, with an insulating gasket 13 interposed therebe 
tween. The negative electrode terminal 7 is electrically con 
nected also to a through hole 4b in the negative electrode lead 
4 by caulking. In this manner, the negative electrode terminal 
7 is electrically connected to the negative electrode 9 of the 
electron group 2 through the negative electrode lead 4. The 
positive electrode terminal 6 is attached to the lid 5 by, for 
example, caulking, with an insulating gasket 14 interposed 
therebetween. The positive electrode terminal 6 is electrically 
connected also to a through hole 3b in the positive electrode 
lead 3 by caulking. In this manner, the positive electrode 
terminal 6 is electrically connected to the positive electrode 8 
of the electron group 2 through the positive electrode lead 3. 
As illustrated in FIG. 2, the lid 5 is attached to an opening 

in the case 1 by seam-welding through laser. The lid 5 is made 
of a conductive material Such a metal and an alloy. Examples 
of the conductive material include aluminum, an aluminum 
alloy, iron and stainless steel. The lid 5 and the case 1 are 
desirably made of a material of the same kind. 
As illustrated in FIG. 5, when a positive electrode or nega 

tive electrode lead for current collection or the like is joined to 
a lamination portion A including plural portions of a tab 8a 
(9a) made of metal foil, it is ideal for the outermost layer of 
the lamination portion A that only a planar section A2 is 
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8 
formed. However, when the portions are bundled to be lami 
nated onto each other, a deviation A1 between the outermost 
circumferential portion of the tab 8a (9a) and the innermost 
circumferential portion of the tab 8a (9a) is generated. For 
example, when all portions of the tab 8a (9a) of the flat 
shaped electrode group 2 are bundled to each other at a single 
position and then in this state a lead for current collection or 
the like is joined to the tab, the degree of the deviation A1 
between the tab portions becomes larger as the thickness C of 
the flat-shaped electrode group 2 is larger than a certain length 
B of the tab 8a (9a). The lamination end section of the 
bundled tab unfavorably turns into a step form. Thus, the 
planar section A2 is hardly generated so that a planar outer 
most layer of the lamination portion A cannot be formed. In 
order to avoid this, for example, the length B of the tab 8a (9a) 
is made large, thereby making it possible to make the propor 
tion of the planar section A2 large. However, if the length B of 
the tab 8a (9a) is made large, it is necessary to secure a space 
which the long tab 8a (9a) occupies inside the case 1. As a 
result, the occupation ratio of the flat-shaped electrode group 
2 decreases, so that the space efficiency tends to be worse to 
lower the energy density. 

In order to obtain the planar outermost layer of the lami 
nation portion A while the length of the tab 8a (9a) is made as 
short as possible, all portions of the tab 8a (9a) are not 
bundled at a single position, but all the portions of the tab 8a 
(9a) are divided and bundled into two or more units, as illus 
trated in FIG. 4. In this way, the deviation A1 between the 
portions of the tab is restrained and further the proportion of 
the planar section A2 is made larger, whereby the tab can be 
made into a good state for a lead-connecting Surface. As the 
number of positions for bundling the divided portions is made 
larger, the deviation A1 between the portions of the tab 
becomes smaller. However, if the number of the bundling 
positions is plural, it is actually difficult in many cases for 
current collecting leads or the like to be joined to the posi 
tions. The number of components to be used also increases, 
and the method for the joining becomes complicated. Thus, 
the battery lacks fabrication easiness. Additionally, it also 
becomes necessary to secure spaces for the joining accord 
ingly, so that the space efficiency is lowered. As a result, costs 
increase. 

In light of these matters, in order to generate the simplest 
and best situation for the efficiency of current collection, the 
fabrication easiness, the simplification of the shapes of com 
ponents to be used, and others, it can be concluded that the 
number of the positions where all the portions of the tab 8a 
(9a) are separately bundled should be set to two for each of the 
positive electrode and the negative electrode. 
As for the positive electrode tab 8a, as well as the negative 

electrode tab 9a, the portions of the tab are laminated onto 
each other in the thickness direction of the electrode group 
and the portions of the tab are divided into two bundles. In this 
way, two bundles are formed for each of the positive and 
negative electrodes. The two bundles are nipped and held by 
the first and second nipping sections, respectively, so that a 
space can be secured within the scope of the thickness of the 
flat-shaped electrode group 2. This space is effectively used to 
arrange the positive and negative electrode leads 3 and 4 in the 
thickness direction of the electrode group 2 so as to be along 
the bundled tab portions. Thus, different spaces for leading 
the current collecting leads around may not be secured. As a 
result, the ratio by volume of the flat-shaped electrode group 
2 in the case 1 can be made large. There is, for example, a 
secondary battery having a structure in which current collect 
ing leads or the like are arranged on side faces in the width 
direction of a flat-shaped electrode group. In this case, how 
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ever, it is naturally necessary to secure spaces for leading the 
current collecting leads or the like around on both ends in the 
flat-shaped electrode group. It is evident that the arrangement 
of the positive and negative electrode leads 3 and 4 according 
to the embodiments is better in effective space-use than such 
techniques. 
As long as the width and thickness of the positive and 

negative electrode leads 3 and 4 are sizes permitting the leads 
3 and 4 to be stored in the spaces secured within the thickness 
of the flat-shaped electrode group 2, the battery can fulfill 
electrically and mechanically Sufficient functions. 
The positive electrode tab 8a, as well as the negative elec 

trode tab 9a, is made into the state that the portions of the tab 
are laminated onto each other in the thickness direction of the 
electrode group and the portions of the tab are divided into 
two bundles. In this way, the length B of each of the positive 
and negative electrode tabs 8a and 9a projected from the 
separator 10 at each of the two end face sections of the 
electrode group 2 can be made shorter than the length B in the 
state that portions of each of the positive and negative elec 
trode tabs 8a and 9a are bundled into each other at one 
position for the above-mentioned reason. When the length B, 
which is a length of the positive or negative electrode tab 8a 
or 9a required for electrically connecting the positive or nega 
tive electrode lead 3 or 4, or the like, is controlled into a 
minimum value, the electrode section where the electrode 
active material layer of each of the positive and negative 
electrodes 8 and 9 of the flat-shaped electrode group 2 is 
formed, can be made broad in the width direction. 

Furthermore, the current collecting sections 3c and 3d of 
the positive electrode lead 3 are arranged on the outside 
surfaces of the first and second nipping sections 12a and 12b 
of the positive electrode nipping member 12, respectively, the 
outside Surfaces being each positioned outside each of the two 
bundled portions of the positive electrode tab 8a; and the 
current collecting sections 4c and 4d of the negative electrode 
lead 4 are arranged on the outside Surfaces of the first and 
second nipping sections 11a and 11b of the negative electrode 
nipping member 11, respectively, the outside surfaces being 
each positioned outside each of the two bundled portions of 
the negative electrode tab 9a. This arrangement makes it 
possible to arrange the positive and negative electrode leads 3 
and 4 within the thickness of the flat-shaped electrode group 
2. The positive and negative electrode leads 3 and 4 having 
this structure each have not one but two nipping-member 
connecting sections in the thickness direction of the flat 
shaped electrode group 2. Thus, the battery has the connect 
ing sections at positions distributed Substantial evenly to 
respective halves of the circumference of the wound-state 
electrode section (where the active material is held) of each of 
the positive and negative electrodes; moreover, the current 
collecting distance becomes short accordingly. As a result, 
the battery has a good current collecting balance. 
As for each of the positive and negative electrodes, the 

current collector of the lead is branched into two sections 
(current collecting sections), so that the two sections are 
electrically connected to the nipping members, respectively. 
Thus, even when a large electric current is caused to flow into 
the battery to generate heat, the heat hardly concentrates on 
the individual connections or the lead itself. Thus, the battery 
can keep a good state also for electric property. The shape of 
each of the positive and negative electrode leads 3 and 4. 
which includes the shape of the branched sections also, is a 
single-unit shape. Thus, from the connection between the 
positive electrode terminal 6 or negative electrode terminal 7 
and one of the leads 3 and 4 to the connection between the lead 
and the nipping member 11 or 12, no other connection is 
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10 
disposed. Therefore, it can be concluded that the battery has 
an electrically and mechanically reliable structure. 

Furthermore, the first nipping sections 11a and 12a of the 
negative and positive electrode nipping members 11 and 12 
are linked to the second nipping sections 11b and 12b thereof, 
respectively, through linking sections each in the form of 
reverse C, so that spaces can be secured between the first and 
second nipping sections 11a and 11 band between the first and 
second nipping sections 12a and 12b, respectively. Also when 
the positive and negative electrode leads 3 and 4 are welded to 
the tabs by ultrasonic welding, ultrasonic welding horns or 
anvils can be certainly inserted and arranged in the spaces. 
Thus, the ultrasonic welding can easily be attained. Since the 
plural sheet-like portions of each of the tabs are nipped by the 
first or second nipping section and then the ultrasonic welding 
is performed, the tab does not directly receive amplitude 
energy of the ultrasonic waves and the tab is not melted to be 
torn off or scattered. Thus, good lead-connecting sections can 
be formed. 

Ultrasonic welding is a technique which comprises press 
ing joining Surfaces of materials onto each other so that an 
oxide film thereon is removed and the joining Surfaces are 
made close to each other so as to have only anatomic distance 
therebetween; and conducting vibration energy from a horn 
to the Surfaces appropriately and certainly, thereby welding 
the surfaces onto each other. Thus, it is preferable that vibra 
tion energy conduct appropriately and certainly to the joining 
Surfaces without sliding nor shifting each of the materials on 
the contact Surface of the horn or the anvil. In general, irregu 
larities in the form of mountains are formed in the contacting 
surface of the horn or the anvil in order to prevent the sliding 
and maintain grasping force. 

FIG. 6A shows an embodiment of ultrasonic welding 
between the current collecting section 3c (4c) of the positive 
or negative electrode lead 3 or 4, and the first nipping section 
11a or 12a of the battery in FIG.1. An inside/outside-arrange 
ment relationship between a horn 21 and an anvil 22 does not 
matter; in FIG. 6A, the horn 21 and the anvil 22 are arranged 
inside and outside, respectively. FIG. 6B shows a case where 
a lead 23 and plural sheet-form portions of a current collect 
ing metal foil 25 that are projected from an end face of a 
power generating element 24 are put onto each other, and the 
resultant is sandwiched between portions of the sandwiching 
plate 26 that are opposed to each other, as described in JP-A 
2003-197174 (KOKAI). 
As illustrated in FIG. 6A, in a case where the nipping 

members 11 and 12 are arranged inside the positive and 
negative electrode leads 3 and 4, Surfaces joined to each other 
by ultrasonic welding are contact Surfaces between the cur 
rent collecting section 3c (4c) of the positive or negative 
electrode lead 3 or 4 and the nipping member 11 or 12, contact 
Surfaces between portions of the positive or negative elec 
trode tab 8a or 9a nipped by the nipping section 11 or 12, and 
contact surfaces between the tab 8a or 9a and the nipping 
member 11 or 12. By contrast, in the case illustrated in FIG. 
6B, surfaces joined to each other by ultrasonic welding are 
contact surfaces between the lead 23 and the current collect 
ing metal foil 25, and contact surfaces between the laminated 
portions of the current collecting metal foil 25, and contact 
surfaces between the current collecting metal foil 25 and a 
sandwiching plate 26. An optimal arrangement of a horn and 
an anvil is as follows: the horn and anvil are arranged to be 
brought into direct contact with materials that should be 
caused to have bonding Surfaces at their surfaces opposite to 
the bonding Surfaces, and grasp the materials. When the sand 
wiching plate 26 is arranged outside the lead 23 as illustrated 
in FIG. 6B, the horn oranvil can neither contact nor grasp the 
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lead 23 directly, so that the lead 23 itself may get out of 
position. Thus, it cannot be said that appropriate energy con 
duction to the bonding surfaces is attained. The reliability in 
bonding strength is poorer than when the nipping member 11 
or 12 is arranged inside the positive or negative electrode lead 
3 or 4 as illustrated in FIG. 6A. 
When the sandwiching plate 26 is arranged outside the lead 

23, it is unavoidable that in a single step, a work for position 
ing the lead 23 is conducted while the current collecting metal 
foil 25 portions are bundled. Thus, the difficulty of the work 
increases, so as to raise the possibility that the current col 
lecting metal foil 25 gets out of position. It is also essential to 
carry out a work for the ultrasonic welding in the same step. 
Much time is required for the works in the step. As a result, the 
difference in working time between this step and steps before 
and after the step becomes large so that the line balance 
becomes bad. 
When the nipping members 11 and 12 are arranged inside 

the positive and negative electrode leads 3 and 4, respectively, 
as illustrated in FIG. 6A, the bundling of the portions of the 
positive and negative electrode tabs 8a and 9a, the positioning 
thereof, and the ultrasonic welding work can be separately 
attained. Thus, the line balance is good, and the battery has a 
reasonable shape in light of the fabrication easiness of the 
battery. 

Typical examples of the materials of the positive and nega 
tive electrode terminals are described herein. In the case of a 
lithium ion secondary battery using a carbon-based material 
as a negative electrode active material, aluminum or an alu 
minum alloy is preferably used for the positive electrode 
terminal while a metal Such as copper, nickel or iron plated 
with nickel is preferably used for the negative electrodeter 
minal. When lithium titanate is used as the negative electrode 
active material, it is allowable to use, besides the above, 
aluminum or an aluminum alloy for the negative electrode 
terminal. When aluminum or an aluminum alloy is used for 
the positive and negative electrode terminals, it is desired that 
the positive and negative electrode tabs, the positive and 
negative electrode nipping members and the positive and 
negative electrode leads are made of aluminum or the alumi 
num alloy. 
The following will describe the positive electrode, the 

negative electrode, the separators and the electrolytic Solution 
used in the rectangular nonaqueous electrolyte secondary 
battery in FIG. 1. 

The positive electrode is formed by applying a slurry con 
taining a positive electrode active material onto a current 
collector made of aluminum foil or aluminum alloy foil. The 
positive electrode active material is not particularly limited, 
and may be an oxide, a Sulfide, a polymer or some other 
material capable of adsorbing and releasing lithium. Pre 
ferred examples of the active material include lithium-man 
ganese composite oxide, lithium-nickel composite oxide, 
lithium-cobalt composite oxide, and lithium iron phosphate, 
which each give a high positive electrode potential. The nega 
tive electrode is formed by applying a slurry containing a 
negative electrode active material onto a current collector 
made of aluminum foil or aluminum alloy foil. The negative 
electrode active material is not particularly limited, and may 
be a metal oxide, a metal Sulfide, a metal nitride, an alloy or 
Some other material capable of adsorbing and releasing 
lithium. The active material is preferably a substance having 
a nobler potential for adsorbing and releasing lithium ions 
than the potential of metallic lithium by 0.4V or more. Since 
the negative electrode active material having Such a potential 
for adsorbing and releasing lithium ions restrains alloy-reac 
tion between aluminum or any aluminum alloy and lithium, 
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aluminum or an aluminum alloy can be used for the negative 
electrode current collector and negative-electrode-related 
constituting members. Examples thereof include titanium 
oxide, lithium-titanium composite oxides such as lithium 
titanate, tungsten oxide, amorphous tin oxide, tin silicon 
oxide, and silicon oxide. Of these examples, lithium-titanium 
composite oxide is preferred. The separators may each be, for 
example, a finely porous membrane, a woven cloth piece or a 
nonwoven cloth piece, or a laminated product in which the 
same or different kind members each selected from these 
examples are laminated onto each other. Examples of the 
material that forms the separators include polyethylene, 
polypropylene, ethylene-propylene copolymer, and ethylene 
butene copolymer. 
The electrolytic solution may be a nonaqueous electrolytic 

Solution prepared by dissolving an electrolyte (for example, a 
lithium salt) in annonaqueous solvent. Examples of the non 
aqueous solvent include ethylene carbonate (EC), propylene 
carbonate (PC), butylene carbonate (BC), dimethyl carbonate 
(DMC), diethyl carbonate (DEC), ethylmethyl carbonate 
(EMC), Y-butyrolactone (Y-BL), sulfolane, acetonitrile, 1,2- 
dimethoxyethane, 1,3-dimethoxypropane, dimethyl ether, 
tetrahydrofuran (THF), and 2-methyltetrahydrofuran. As for 
the nonaqueous solvent, a single solvent may be used, or two 
or more solvents may be used in a mixture form. Examples of 
the electrolyte include lithium perchlorate (LiC10), lithium 
hexafluorophosphate (LiPF), lithium borofluoride (LiBF), 
lithium hexafluoroarsenate (LiAsF) and lithium trifluo 
romethasulfonate (LiCFSO). These electrolytes may be 
used either alone or as mixture of two or more types. The 
amount of the electrolyte dissolved in the nonaqueous solvent 
may be in the range of 0.2 to 3 mol/L. 
As described above, according to the first embodiment, 

positive and negative electrode leads are each made into a 
form branched into two sections, and the leads are arranged 
inside a case with a good space efficiency. This makes it 
possible for a larger Volume of a flat-shaped electrode group 
to be stored in the case so as to give a higher energy density. 
The positive and negative electrode leads are each branched 
so that its portion to be electrically connected to the flat 
shaped electrode group is dispersed into two points. This 
makes it possible for the electrode group to have a structure in 
which even when a large electric current is caused to flow into 
the electrode group to generate heat, the heat is not easily 
concentrated. At the same time, the electrode group has the 
connections at positions distributed Substantial evenly in the 
electrode sections of the flat-shaped electrode group, so as to 
have a structure excellent in current collecting balance. Fur 
thermore, the positive and negative electrode tabs of the flat 
shaped electrode group are each nipped by a nipping member, 
thereby forming favorable connections. Ultrasonic welding 
that is a method for the electrically connecting can also be 
performed with ease. 
The first embodiment can provide a battery having a struc 

ture making the following possible: a larger Volume of a 
flat-shaped electrode group is stored in a case to give a high 
energy density; and the resistances of connections of positive 
and negative electrode leads, and some other section are 
restrained so that electric current can be effectively collected. 
(Second to Fourth Embodiments) 
An object of second to fourth embodiments is to improve a 

Volume efficiency of a battery having a structure in which an 
electrode group, tabs and leads are electrically insulated from 
a CaSC. 

With reference to the drawings, the batteries according to 
the second to fourth embodiments will be described herein 
after. The invention is not limited to these embodiments. 
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(Second Embodiment) 
A battery 20 illustrated in FIGS. 7 and 8 is a sealed, rect 

angular, nonaqueous electrolyte secondary battery. The bat 
tery 20 comprises a case 1, a flat-shaped electrode group 2 
stored in the case 1, positive and negative electrode leads 3 5 
and 4 positioned in the case 1, an insulating tape 35 covering 
the outermost circumference of the electrode group 2, a first 
insulting cover 36, a second insulating cover 37, an insulating 
cover fixing tape 38, a lid 39 provided to an opening in the 
case 1, and positive and negative electrode terminals 40 and 10 
41 provided on the lid 39. 
The case 1 has a bottomed, rectangular cylindrical shape, 

and is made of for example, a conductive material Such a 
metal and an alloy. Examples of the conductive material 
include aluminum, an aluminum alloy, iron and stainless 15 
steel. An electrolytic solution (not illustrated) is stored in the 
case 1, and the flat-shaped electrode group 2 is impregnated 
with the electrolytic solution. 
As illustrated in FIG.9, the flat-shaped electrode group 2 is 

a member in which a positive electrode 42 and a negative 20 
electrode 43 are wound into a flat form with a separator 44 
interposed therebetween. The positive electrode 42 contains a 
band-form positive electrode current collector made of, for 
example, metal foil, a positive electrode tab 42a made of an 
end section of the positive electrode current collector that is a 25 
section parallel to long sides of the collector, and a positive 
electrode active material layer 42b formed onto an area of the 
positive electrode current collector other than at least the 
positive electrode tab 42a area thereof. The negative electrode 
43 contains a band-form negative electrode current collector 30 
made of for example, metal foil, a negative electrode tab. 43a 
made of an end section of the negative electrode current 
collector that is a section parallel to longsides of the collector, 
and a negative electrode active material layer 43b formed 
onto an area of the negative electrode current collector other 35 
than at least the negative electrode tab. 43a area thereof. 

The positive electrode 42, the separators 44 and the nega 
tive electrode 43 are wound to deviate the positions of the 
positive electrode 42 and the negative electrode 43 from each 
other such that the positive electrode tab 42a is projected from 40 
the separators 44 in one direction along the winding axis of 
the electrode group, and further the negative electrode tab 43a 
is projected from the separators 44 in the other direction, 
which is opposite to the above-mentioned direction. As illus 
trated in FIG. 7, by the winding, the positive electrode tab 42a 45 
wound in a spiral form is projected from one end face of the 
electrode group 2, and further the negative electrode tab. 43a 
wound in a spiral form is projected from the other end face. 
As illustrated in FIG. 7, one end of the positive electrode 

lead 3 is electrically connected to the positive electrode tab 50 
42a of the electrode group 2 by, for example, ultrasonic 
welding. The other end (not illustrated) of the positive elec 
trode lead 3 is electrically connected to the positive electrode 
terminal 40. One end of the negative electrode lead 4 is 
electrically connected to the negative electrode tab. 43a of the 55 
electrode group 2 by, for example, ultrasonic welding. The 
other end (not illustrated) of the negative electrode lead 4 is 
electrically connected to the negative electrode terminal 41. 
The adhesive insulating tape 35 insulates the outermost 

circumference of the electrode group 2 electrically from the 60 
case 1. In FIG. 7, the insulating tape 35 adheres closely to the 
outermost circumference of the electrode group 2 to cover a 
single circumference of the outermost circumference. This 
tape 35 has both a function of keeping the winding of the 
wound electrode group 2, and a function of insulating the 65 
electrode group 2 and the case 1 from each other. This causes 
a reduction in the number of components to be used, so as to 
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contribute to a decrease in costs. An insulating material other 
than insulating covers is not newly required, and the electrode 
group 2 is easily inserted into the case 1. The size of the 
electrode group can be made large up to the internal size of the 
case 1. This contributes to an improvement in volume effi 
ciency. Since the positive and negative electrode tabs 42a and 
43a at both ends of the electrode group 2 are not covered with 
the insulating tape 35, the tape 35 does not hinder the impreg 
nation of electrolytic solution. The number of circumferences 
to be wound by the insulating tape 35 may be set 1 or more. In 
the embodiment, the electrode group 2 is spirally wound to be 
flat; however, the embodiments may be applied to an elec 
trode group in a lamination form. 

Examples of resin that may be used for the substrate of the 
insulating tape 35 include polyesters (such as PET), polyim 
ide, polyphenylene sulfide (PPS), and polypropylene. 
The first insulating cover 36 is a resin molded product 

having a shape covering areas of the positive electrode lead 3 
and the positive electrode tab 42a that are areas opposed to the 
inside surface of the case 1. Specifically, the first insulating 
cover 36 is a flat cap Surrounding an end face of the positive 
electrode tab 42a, and an area of the positive electrode tab 42a 
outermost circumference that is opposed to the inside Surface 
of the case 1. In the cover 36, its section opposed to the inside 
surface of the lid 39 is cut out, so that an opening 36a is made. 
In other words, the first insulating cover 36 comprises the 
opening 36a, a side plate 36b covering the end face of the 
positive electrode tab 42a, and a side plate 36c curved into a 
U-shaped form to cover the outermost circumference of the 
positive electrode tab 42a. 
The second insulating cover 37 is a resin molded product 

having a shape which covers areas of the negative electrode 
lead 4 and the negative electrode tab. 43a that are areas 
opposed to the inside surface of the case 1. Specifically, the 
second insulating cover 37 is a flat cap Surrounding an end 
face of the negative electrode tab 43a, and an area of the 
negative electrode tab. 43a outermost circumference that is 
opposed to the inside surface of the case 1. In the cover 37, its 
section opposed to the inside surface of the lid 39 is cut out, so 
that an opening 37a is made. In other words, the second 
insulating cover 37 comprises the opening 37a, a side plate 
37b covering the end face of the negative electrode tab. 43a, 
and a side plate 37c curved into a U-shaped form to cover the 
outermost circumference of the negative electrode tab 43a. 
The first insulating cover 36 has both a function of protect 

ing an ultrasonic-welded section of the positive electrode lead 
3 and the positive electrode tab 42a from vibration or impact, 
and a function of insulating the positive electrode lead 3 and 
the positive electrode tab 42a electrically from the case 1. 
Thus, the number of components to be used is reduced; as a 
result, the cover 36 contributes to a decrease in costs. The 
second insulating cover 37 has both a function of protecting 
an ultrasonic-welded section of the negative electrode lead 4 
and the negative electrode tab 43a from vibration or impact, 
and a function of insulating the negative electrode lead 4 and 
the negative electrode tab. 43a electrically from the case 1. 
Thus, the number of components to be used is reduced; as a 
result, the cover 37 contributes to a decrease in costs. The first 
and second insulating covers 36 and 37 protect the ultrasonic 
welded sections, whereby the insertion easiness of the elec 
trode group 2 into the case 1 is also improved. 
As illustrated in FIG. 8, the first insulating cover 36 is fitted 

onto the end face of the electrode group 2 from which the 
positive electrode tab 42a is projected, the U-shaped side 
plate 36c is put onto the insulating tape 35, and then the 
insulating cover 36 is fixed onto the insulating tape 35 with an 
insulating cover fixing tape 38. The second insulating cover 
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37 is fitted onto the end face of the electrode group 2 from 
which the negative electrode tab 43a is projected, the 
U-shaped side plate 37c is put onto the insulating tape 35, and 
then the insulating cover 37 is fixed onto the insulating tape 35 
with the insulating cover fixing tape 38. This structure makes 
it possible to insulate the electrode group 2, the positive and 
negative electrode tabs 42a and 43a, and the positive and 
negative electrode leads 3 and 4 electrically from the case 1 
completely. In FIG. 8, the first and second insulating covers 
36 and 37 are fixed onto the insulating tape 35 with the 
insulating cover fixing tapes 38. However, it is allowable to 
use a method of putting the first and second insulating covers 
36 and 37 onto the insulating tape 35 without using the insu 
lating cover fixing tape 38. 

Examples of resin that may be used for the first and second 
insulating covers 36 and 37 include polypropylene, polyim 
ide, polyphenylene sulfide (PPS), and polyesters (such as 
PET). Polypropylene is particularly desired from the view 
point of heat resistance, insulating property and costs. 

In the meantime, as illustrated in FIGS. 7 and 8, the positive 
electrode terminal 40 is fitted to the lid 39 by, for example, 
caulking, with an insulating gasket 45 interposed therebe 
tween. The positive electrode terminal 40 is electrically con 
nected to the positive electrode lead 3 by caulking. In this 
manner, the positive electrode terminal 40 is electrically con 
nected through the positive electrode lead 3 to the positive 
electrode 12 of the electrode group 2. The negative electrode 
terminal 41 is fitted to the lid 39 by, for example, caulking, 
with an insulating gasket 46 interposed therebetween. The 
negative electrode terminal 41 is electrically connected to the 
negative electrode lead 4 by caulking. In this manner, the 
negative electrode terminal 41 is electrically connected 
through the negative electrode lead 4 to the negative electrode 
13 of the electrode group 2. 
The lid 39 is fitted into the opening in the case 1 by, for 

example, seam-welding through laser. The lid 39 is made of a 
conductive material Such a metal and an alloy. Examples of 
the conductive material include aluminum, an aluminum 
alloy, iron and stainless steel. The lid 39 and the case 1 are 
preferably made of the same kind of material. 

According to the battery of the second embodiment 
described above, the areas opposed to the inside surface of the 
case 1 which are areas of the positive and negative electrode 
tabs 42a and 43a and the positive and negative electrode leads 
3 and 4 are covered with the first and second insulating covers 
36 and 37, which are each a resin molded product. At the same 
time, the outermost circumference of the electrode group 2 is 
covered with the insulating tape 35. This makes it possible to 
insulate the electrode group 2, the positive and negative elec 
trode tabs 42a and 43a, and the positive and negative elec 
trode leads 3 and 4 electrically from the case 1. 

Moreover, both the ends of the electrode group 2 are cov 
ered with the first and second insulating covers 36 and 37. 
which are each a resin molded product; thus, the electrode 
group 2 can be smoothly inserted into the case 1. Further 
more, other areas than both the ends of the electrode group 2 
are covered with the insulating tape 35; thus, the volume of 
the insulating members necessary for the insulation from the 
case 1 can be made Small. As a result, the Volume of the 
electrode group 2 that can be stored in the case 1 can be made 
high, so that an increase in Volume efficiency can be realized. 
Furthermore, the insertion easiness of the electrode group 2 
into the case 1 can be improved. In the insertion thereof into 
the case 1, therefore, the first and second insulating covers 36 
and 37, and the insulating tape 35 can be prevented from 
being broken. Moreover, the number of components to be 
used for the insulation from the case be made small. 
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The second embodiment provides a battery which has a 

structure in which an electrode group, tabs and leads are 
electrically insulated from a case, and is high in Volume 
efficiency. 
(Third Embodiment) 
A battery of a third embodiment has the same structure as 

the second embodiment except that the structures of the first 
and second insulating covers of the battery of the second 
embodiment are changed in order to improve the capability of 
being impregnated with electrolytic Solution, and prevent the 
breaking of an electrode group inside the battery. 

FIG. 10 is a perspective view illustrating a first or second 
insulating cover used in the battery of the third embodiment. 
It is preferable for some sealed secondary batteries that the 
electrode group thereof be impregnated with the electrolytic 
Solution. As for the first and second insulating covers 36 and 
37 illustrated in FIGS. 7 and 8, their top ends are the openings 
36a and 37a. Thus, an electrolytic solution injected from the 
injection port in the lid 39 passes through the openings 36a 
and 37a, so that the electrode group 2 is impregnated with the 
electrolytic solution. In the meantime, as for the first and 
second insulating covers 36 and 37, their side plates 36b and 
37b are in contact with side faces of the case 1; however, slight 
spaces are present between the U-shaped side plates 36c and 
37c, and the inside surface of the case 1. In order to impreg 
nate the electrode group 2 with the electrolytic solution stored 
in the spaces, a plurality of electrolytic solution pores 47. 
which are to be channels between the case 1 and the electrode 
group 2, are opened in the bottom of the U-shaped side plate 
36c or 37c of a first or second insulating cover 36 or 37 
illustrated in FIG.10. This makes it possible to effectively use 
the electrolytic solution stored between the case 1 and the first 
or second insulating cover 36 or 37. 
As illustrated in FIG. 10, convexes 48 projected inward 

(toward the electrode group 2) may be formed in the side 
plates 36b and 37b of the first and second insulating covers 36 
and 37, respectively. The convexes 48 are inserted into a gap 
between portions of the positive electrode tab 42a of the 
electrode group 2 and a gap between portions of the negative 
electrode tab. 43a thereof, respectively. When the battery is 
dropped by mistake, the convexes 48 formed in the first and 
second insulating covers 36 and 37 prevent the electrode 
group 2 from moving, so that any movement of the electrode 
group 2 inside the battery can be prevented. As a result, 
inconvenience can be overcome, such as that the positive and 
negative electrode tabs 42a and 43a are deformed or damaged 
to be disconnected from the positive and negative electrode 
leads 3 and 4, respectively. Thus, the safety of the battery is 
improved. 

In each of the first and second insulating covers 36 and 37. 
either the electrolytic solution pores 47 or the convex 48 may 
beformed, or both of the electrolytic solution pores 47 and the 
convex 48 may be formed as illustrated in FIG. 10. 

Prepared were a rectangular nonaqueous electrolyte sec 
ondary battery (Example 1) having the same structure as 
illustrated in FIGS. 7 to 9 except that the first and second 
insulating covers 36 and 37 illustrated in FIG. 10 were used, 
and having a size of 100 mm width:x20 mm thickness.x100 
mm height, and a weight of about 500 g, and a rectangular 
nonaqueous electrolyte secondary battery (Example 2) hav 
ing the same structure as Example 1 except that no convex 
was formed. As for each of Examples 1 and 2, a drop test was 
conducted under the conditions described below. Polypropy 
lene molded products were used for the first and second 
insulating covers 36 and 37, and polyester was used for the 
substrate of the insulating tape 35. 
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In the drop vibration test, each of the secondary batteries 
was dropped from a height of 10 cm in the state that one of the 
surfaces of the battery was facing downward. This drop test 
was conducted for each of the six surfaces of the battery. The 
operations for the six surfaces were defined as one cycle, 
which was repeated. The secondary battery of Example 1, in 
which the convexes 48 were formed, endured 3600 cycles. 
Example 2, in which no convexes 48 were formed, caused a 
failure that the positive or negative electrode lead 3 or 4 was 
disconnected from the positive or negative electrode tab 12a 
or 13b at the 600 cycle. The same results were verified in the 
same drop tests except that the height of 10 cm was changed 
to a height of 1 m. 

The third embodiment can provide a battery which has a 
structure in which an electrode group, tabs and leads are 
electrically insulated from a case, and is high in Volume 
efficiency. 
(Fourth Embodiment) 

Abattery of a fourth embodiment has the same structure as 
the second embodiment except that the structures of the elec 
trode group and the insulating tape of the battery of the second 
embodiment are changed in order to Smoothly impregnate the 
electrode group with the electrolytic solution. In the fourth 
embodiment, the first and second insulating covers used in the 
third embodiment may be used. 
As illustrated in FIG. 11, as for a flat-shaped electrode 

group 2 used in the fourth embodiment, it is desired that the 
outermost circumference thereof is made of a separator 44. In 
this manner, the impregnation of an electrolytic solution into 
the electrode group advances from the outermost circumfer 
ence 44. It is therefore possible to avoid a problem that the 
first and second insulating covers 36 and 37, and the insulat 
ing tape 35 hinder the impregnation of the electrolytic solu 
tion. The separator 44 may be, for example, an olefin-based 
finely porous membrane, a nonwoven cloth made of olefin 
based fiber, or a nonwoven cloth made of cellulose-based 
fiber. The separator 44 is preferably a separator in which the 
permeation of the electrolytic solution is easily caused in the 
separator transverse direction, and is preferably a nonwoven 
cloth separator. 
The short side width A of the insulating tape 35 is adjusted 

in accordance with the size relationship between the first and 
second insulating covers 36 and 37, and the insulating cover 
fixing tapes 38. Basically, it is only necessary for the length. A 
of the insulating tape 35 to cover an area where the electrode 
section (section where the active material layer is formed on 
the positive or negative electrode current collector) may con 
tact the case 1. The short side width A of the insulating tape 35 
is desirably equal to or more than the short side width B of the 
separator 44. This makes it possible to cover the separator 44 
with the insulating tape 35, which has a higher mechanical 
strength than the separator 44, so as to decrease damage to the 
separator 44 when the insulating tape is bonded onto the 
electrode group. In addition, favorably, the bonding of the 
insulating cover fixing tape 38 can be roughly performed. It is 
desired that the short side width A of the insulating tape 35 is 
set to Such a length that any longside of the insulating tape 35 
does not overlap with the positive or negative electrode tab 
42a or 43a, in order for the insulating tape 35 not to hinder 
welding between the positive electrode lead3 and the positive 
electrode tab 42a, or between the negative electrode lead 4 
and the negative electrode tab 43a. 

It is only necessary for the thickness of the substrate of the 
insulating tape 35 to secure the insulation of the electrode 
group 2 from the case. If the substrate becomes thick, the 
capacity is decreased due to a decrease in the Volume of the 
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electrode group. Thus, the thickness is preferably in a range of 
0.012 to 0.2 mm, more preferably in a range of 0.025 to 0.2 

. 

In the first and second embodiments, the outermost circum 
ference of the electrode group 2 is covered with one or more 
circumferences of the insulating tape 35, but may be covered 
with less than one circumference thereof. In this case, the 
outermost circumference of the electrode group 2 is occupied 
by the separator 44 in order to insulate the outermost circum 
ference of the electrode group 2. The outermost circumferen 
tial section of the electrode group 2 made uncovered is pref 
erably located at a side of the battery which is opposite to the 
injection port and a pool of an electrolytic Solution is made 
when the solution is injected. Even when the uncovered sec 
tion is located at the injection port side, the uncovered section 
fulfils a function for impregnation of the electrolytic solution 
into the electrode group. However, at the time of the impreg 
nation, the electrolytic solution needs to be made close to the 
injection port side. At this time, a work for reversing the 
posture of the cell and other complicated works are required. 
Moreover, it is essential that the uncovered section of the 
electrode group 2 be the separator 44 in order to keep the 
insulation of the electrode group 2 from the case 1. As illus 
trated in, for example, FIG. 11, it is desired that the section of 
the electrode group 2 that is opposed to the bottom surface of 
the case 1 is not covered with the insulating tape 35 to make 
the separator 44 of the outermost circumference uncovered. 
FIG. 12 is a perspective view illustrating a situation that the 
electrode group in FIG. 11 is stored in the case 1 in the state 
that the electrode group is not covered with the first or second 
insulating cover 36 or 37 for the sake of convenience for the 
description of the step of impregnation of an electrolytic 
solution. After the electrode group 2 is inserted into the case 
1 and then the lid 39 is welded to the opening in the case 1, the 
electrolytic solution is injected through an injection port 49 
made in the lid 39. Although the electrode group 2 is impreg 
nated with part of the electrolytic Solution, the remaining 
electrolytic solution E is collected into the bottom of the case 
1. In the state that the electrolytic solution E is collected in the 
bottom, the pressure in the case 1 is repeatedly increased or 
decreased, or the battery is allowed to stand still; thus, the 
electrode group 2 is impregnated with the electrolytic solu 
tion E. At this time, the electrode group 2 is impregnated with 
the electrolytic solution E through the uncovered section of 
the separator 44 that is the outermost circumference of the 
electrode group 2. Thus, it is necessary that the uncovered 
section of the separator 44 contact the electrolytic Solution 
collected after the injection of the electrolytic solution. 

According to the above-mentioned structure, the number 
of insulating members to be used can be made Small. Thus, it 
is possible to avoid an increase in the Volume of the insulating 
members and a bad effect onto battery-downsizing, and fur 
ther improve the battery capability of being impregnated with 
electrolytic solution to make the productivity of batteries 
high. 
The fourth embodiment can provide a battery which has a 

structure in which an electrode group, tabs and leads are 
electrically insulated from a case, and is high in Volume 
efficiency. 
(Fifth Embodiment) 
The battery according to the first embodiment may com 

prise either the first and second insulating members of the 
battery according to the second or third embodiment, or the 
electrode group and the insulating tape of the battery accord 
ing to the fourth embodiment. A form of a battery according 
to a fifth embodiment is illustrated in FIG. 13. To the same 
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members as those illustrated in FIGS. 1 to 12 are attached the 
same reference numbers, respectively, and description 
thereof is omitted. 
A battery 50 illustrated in FIG. 13 is a sealed, rectangular, 

nonaqueous electrolyte secondary battery. The battery 50 
comprises a case 1, a flat-shaped electrode group 2 stored in 
the case 1, positive and negative electrode leads 3 and 4 
positioned in the case 1, an insulating tape 35 covering the 
outermost circumference of the electrode group 2, a first 
insulating cover 36, a second insulating cover 37, an insulat 
ing cover fixing tape 38, a lid 5 provided to an opening in the 
case 1, and positive and negative electrode terminals 6 and 7 
provided on the lid 5. The electrode group 2 is impregnated 
with an electrolytic solution (not illustrated). 

The positive electrode lead 3 comprises a connecting plate 
3a to be connected electrically to the positive electrode ter 
minal 6, a through hole 3b made in the connecting plate 3a, 
and strip-form current collecting sections 3c and 3d that are 
two sections branched from the connecting plate 3a so as to 
extend downward. The negative electrode lead 4 comprises a 
connecting plate 4a to be connected electrically to the nega 
tive electrode terminal 7, a through hole 4b made in the 
connecting plate 4a, and strip-form current collecting sec 
tions 4c and 4d that are two sections branched from the 
connecting plate 4a So as to extend downward. 
The positive electrode tab 8a is divided into two bundles in 

each of which portions of the tab are laminated onto each 
other in the thickness direction of the electrode group 2. A 
conductive positive electrode nipping member 12 nips and 
holds each of the bundles of the portions of the positive 
electrode tab 8a. The negative electrode tab 9a is divided into 
two bundles in each of which portions of the tab are laminated 
onto each other in the thickness direction of the electrode 
group 2. A conductive negative electrode nipping member 11 
nips and holds each of the bundles of the portions of the 
negative electrode tab 9a. 
As for the positive electrode lead 3, the positive electrode 

nipping member 12 is sandwiched between its current col 
lecting sections 3c and 3d. The current collecting section3c is 
arranged on the outside Surface of a first nipping section 12a 
of the positive electrode nipping member 12. The current 
collecting section 3d is arranged on the outside Surface of a 
second nipping section 12. The first and second nipping sec 
tions 12a and 12b, the positive electrode tab 8a, and the 
current collecting sections 3c and 3d are welded to each other 
by, for example, ultrasonic welding. In this manner, a positive 
electrode 8 of the electrode group 2 is electrically connected 
through the positive electrode tab 8a to the positive electrode 
lead 3. 
As for the negative electrode lead 4, the negative electrode 

nipping member 11 is sandwiched between its current col 
lecting sections 4c and 4d. The current collecting section 4c is 
arranged on the outside Surface of a first nipping section 11a 
of the negative electrode nipping member 11. The current 
collecting section 4d is arranged on the outside Surface of a 
second nipping section 11b. The first and second nipping 
sections 11a and 11b, the negative electrode tab 9a, and the 
current collecting sections 4c and 4d are welded to each other 
by, for example, ultrasonic welding. In this manner, a negative 
electrode 9 of the electrode group 2 is electrically connected 
through the negative electrode tab 9a to the negative electrode 
lead 4. 
The adhesive insulating tape 35 insulates the outermost 

circumference of the electrode group 2 electrically from the 
case 1. 
The first insulating cover 36 is a resin molded product 

having a shape covering areas of the positive electrode lead3. 
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the positive electrode nipping member 12 and the positive 
electrode tab 8a that are areas opposed to the inside surface of 
the case 1. Specifically, the first insulating cover 36 comprises 
opening 36a opposed to the inside surface of the lid 5, a side 
plate 36b covering the end face of the positive electrode tab 
8a, and a side plate 36c curved into a U-shaped form to cover 
the outermost circumference of the positive electrode tab 8a. 
The second insulating cover 37 is a resin molded product 

having a shape covering areas of the negative electrode lead 4, 
the negative electrode nipping member 11 and the negative 
electrode tab 9a that are areas opposed to the inside surface of 
the case 1. Specifically, the second insulating cover 37 com 
prises an opening 37a opposed to the inside Surface of the lid 
5, a side plate 37b covering the end face of the negative 
electrode tab 9a, and a side plate 37c curved into a U-shaped 
form to cover the outermost circumference of the negative 
electrode tab 9a. 
The first insulating cover 36 has both a function of protect 

ing ultrasonic-welded sections of the positive electrode lead 
3, the positive electrode nipping member 12, and the positive 
electrode tab 8a from vibration or impact, and a function of 
insulating the positive electrode lead 3, the positive electrode 
nipping member 12 and the positive electrode tab 8a electri 
cally from the case 1. Thus, the number of components to be 
used is reduced; as a result, the cover 36 contributes to a 
decrease in costs. The second insulating cover 37 has both a 
function of protecting ultrasonic-welded sections of the nega 
tive electrode lead 4, the negative electrode nipping member 
11, and the negative electrode tab 9a from vibration or impact, 
and a function of insulating the negative electrode lead 4, the 
negative electrode nipping member 11 and the negative elec 
trode tab 9a electrically from the case 1. Thus, the number of 
components to be used is reduced; as a result, the cover 37 
contributes to a decrease in costs. The first and second insu 
lating covers 36 and 37 protect the ultrasonic-welded sec 
tions, whereby the insertion easiness of the electrode group 2 
into the case 1 is also improved. 
The first insulating cover 36 is fitted onto the end face of the 

electrode group 2 from which the positive electrode tab 8a is 
projected, the U-shaped side plate 36c is put onto the insulat 
ing tape 35, and then the first insulating cover 36 is fixed onto 
the insulating tape 35 with the insulating cover fixing tape 38. 
The second insulating cover 37 is fitted onto the end face of 
the electrode group 2 from which the negative electrode tab 
9a is projected, the U-shaped side plate 37c is put onto the 
insulating tape 35, and then the insulating cover 37 is fixed 
onto the insulating tape 35 with the insulating cover fixing 
tape 38. This structure makes it possible to insulate the elec 
trode group 2, the positive and negative electrode tabs 8a and 
9a, the positive and negative electrode nipping members 11 
and 12, and the positive and negative electrode leads 3 and 4 
electrically from the case 1. It is allowable to put the first and 
second insulating covers 36 and 37 onto the insulating tape 35 
without using the insulating cover fixing tapes 38. 
The lid 5 having a rectangular plate form is fitted to the 

opening in the case 1 by, for example, Seam-welding through 
laser. An injection port (not illustrated) for electrolytic solu 
tion is made in the lid 5. After an electrolytic solution is 
injected into the case, the injection port is sealed with a 
sealing lid 51. Two rectangular concaves 5a are made in the 
outside surface of the lid 5. The positive electrode terminal 6 
is stored in one of the concaves 5a, and the negative electrode 
terminal 7 is stored in the other concave 5a. A single through 
hole 5b is made in each of the concaves 5a. A safety valve 52 
is arranged between the concaves 5a on the outside surface of 
the lid 5. The safety valve 52 comprises a rectangular con 
cave, and a groove made inside the concave. When the pres 
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Sure in the case 1 reaches a standard value or more, the groove 
is broken by the pressure so that gas is released outside 
through the broken site. Thus, the rupture of the battery is 
prevented. 
An internal insulator 53 is arranged on the rear surface of 

the lid 5. The internal insulator 53 comprises a through hole 
53a made at a position opposed to the through hole 5b in the 
lid 5, a gas releasing hole 53b made at a position opposed to 
the safety valve 52, and an injection port 53c. A spacer 53d is 
disposed on the rear surface of the internal insulator 53, that 
is, the surface thereof opposed to the electrode group 2. The 
spacer 53d can inhibit the electrode group 2 from moving to 
approach the lid 5. 
A positive electrode insulating gasket 14 comprises a 

cylindrical section 14a in the form of a circular cylinder, and 
a flange section 14b formed in a flange form at one opening 
end of the cylindrical section 14a. A negative electrode insu 
lating gasket 13 comprises a cylindrical section 13a in the 
form of a circular cylinder, and a flange section 13b formed in 
a flange form at one opening end of the cylindrical section 
13a. The cylindrical sections 13a and 14a are inserted into the 
through holes 5b in the concaves 5a in the lid 5, respectively. 
The lower opening ends thereof are inserted into the through 
holes 53a in the internal insulator 53, respectively. The flange 
sections 13b and 14b cover the circumferential edges of the 
through holes 5b inside the concaves 5a in the lid 5, respec 
tively. 

The positive electrode terminal 6 comprises ahead section 
6a, and an axial section 6b extended downward from the head 
section 6a. The head section 6a of the positive electrode 
terminal 6 is stored in the flange section 14b of the insulating 
gasket 14. The negative electrode terminal 7 comprises ahead 
section 7a, and an axial section 7b extended downward from 
the head section 7a. The head section 7a of the positive 
electrode terminal 7 is stored in the flange section 13b of the 
insulating gasket 13. 
The axial section 6b of the positive electrode terminal 6 is 

inserted into the cylindrical section 14a of the insulating 
gasket 14, the through hole 5b in the lid 5 and the through hole 
53a in the internal insulator 53. The tip of the axial section 6b 
is inserted in the through hole3b in the positive electrode lead 
3. The axial section 3b is deformed by caulking, so as to be 
enlarged in diameter, and is fixed to the lid 5, the internal 
insulator 53 and the positive electrode lead 3. The axial sec 
tion 7b of the negative electrode terminal 7 is inserted into the 
cylindrical section 13a of the insulating gasket 13, the 
through hole 5b in the lid 5 and the through hole 53a in the 
internal insulator 53. The tip of the axial section 7bis inserted 
in the through hole 4b in the negative electrode lead 4. The 
axial section 7bis deformed by caulking, so as to be enlarged 
in diameter, and is fixed to the lid 5, the internal insulator 53 
and the negative electrode lead 4. In this manner, the positive 
and negative electrode terminals 6 and 7 are fixed to the lid 5 
in the state that electric insulation therebetween and air-tight 
ness therein are certainly kept. Furthermore, the positive and 
negative electrode terminals 6 and 7 are fixed to the positive 
and negative electrode leads 3 and 4, respectively, in the state 
that electric connection is certainly kept therebetween. 

The insulating cover 54 comprises, at positions thereof 
opposed to the positive and negative electrodeterminals 6 and 
7, through holes 54a, respectively. The insulating cover 54 is 
arranged on the lid 5 such that the head sections 6a and 7a of 
the positive and negative electrode terminals 6 and 7 are 
projected from the through holes 54a, respectively. 
As for the nonaqueous electrolyte secondary battery hav 

ing the structure illustrated in FIG. 13, the flowing electric 
current limit thereof was checked at the time of pulse charg 
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ing and discharging operations. Results described below were 
obtained. The used positive electrode active material was 
lithium cobalt oxide (LiCoO), and the used negative elec 
trode active material was a negative electrode active material 
having a lithium-adsorbing potential corresponding to an 
open circuit potential of 0.4V or more relative to the open 
circuit potential of the metallic lithium. Nonacqueous electro 
lyte was used as the electrolytic Solution. An aluminum alloy 
was used for the case 1, the lid 5, the positive and negative 
electrode terminals 6 and 7, the positive and negative elec 
trode tabs 8a and 9a, the positive and negative electrode leads 
3 and 4, and the positive and negative electrode nipping 
members 11 and 12. A polypropylene molded product was 
used as the first and second insulating covers 36 and 37, and 
polyester was used for the substrate of the insulating tape 35. 
A pulse current was used to charge and discharge the bat 

tery repeatedly. The cell temperature at the time was mea 
sured. The value of the current flowing therein was started 
from 100 A. Until the cell temperature exceeded 100° C. or 
the measured Voltage got out of the range of the predeter 
mined voltage (the range of 1.5 to 2.95 V), the current was 
raised step by Step. A specific method for evaluating the 
battery will be described hereinafter. 
As illustrated in FIG. 14, a pulse charging and discharging 

test was performed. Specifically, in the test, while the current 
value was raised step by step, pulse charging and discharging 
operations were performed plural times and a predetermined 
pause period was set between the pulse charging and dis 
charging operations. Under an initial condition that the SOC 
set was 50%, the pulse charging and discharging operations 
were performed at intervals of 10 seconds. The pulse charging 
and discharging operations were performed while the current 
value was raised step by step from STEP 1 to STEP 5. The 
current value of each of STEP 1 to STEPS is shown in Table 
1. As for the current value of each of the STEPs in Table 1, a 
value indicated with the unit of A is shown and a value 
obtained by converting the value into the rate of the unit of C 
is shown in parentheses. The pulse charging and discharging 
operation in each of the STEPs was set to a predetermined 
period within the range of 40 to 60 minutes. The pause period 
was set between the individual STEPs. When the cell tem 
perature reached 100° C., or the measured voltage got out of 
the range of the predetermined Voltage (the range of 1.5 to 
2.95 V), the charging and discharging operation was stopped. 
When the cell temperature was lowered after the stopping so 
as to settle to the environment temperature, a pulse charging 
and discharging operation was again carried out at the current 
value higher by one stage. At the time of the pulse charging 
and discharging operations, the current, the Voltage, the time, 
and the temperature at four points (the thermostat, the positive 
electrode terminal, the negative electrode terminal, and the 
center of the case) were measured. In Table 2 and FIGS. 15 to 
18 are shown the test results obtained when STEPS 1 to 5 were 
carried out, that is, when the pulse charging and discharging 
test was made while a current of 100 A to at most 250A was 
flowed to the battery. FIG. 15 shows a change with time in the 
temperature of each of the thermostat, the positive electrode 
terminal, the negative electrode terminal, and the case center 
in the pulse charging and discharging in STEP4 (200A). FIG. 
16 shows a change with time in each of the current and the 
Voltage of the cell in the pulse charging and discharging in 
STEP 4 (200 A). FIG. 17 shows a change with time in the 
temperature of each of the thermostat, the positive electrode 
terminal, the negative electrode terminal, and the case center 
in the pulse charging and discharging in STEP5 (250A). FIG. 
18 shows a change with time in each of the current and the 
Voltage of the cell in the pulse charging and discharging in 



US 8,574,753 B2 
23 

STEP5 (250A). In FIGS. 15 and 17, the temperature of the 
thermostat, that of the positive electrode terminal, that of the 
negative electrode terminal, and that of the case center are 
represented by T. T., T and T, respectively. In FIG. 2, a 
measuring point of the temperature of the positive electrode 
terminal, that of the negative electrode terminal, and that of 
the case center are represented by C. B., and Y, respectively. 

TABLE 1. 

STEP No. STEP1 STEP2 STEP3 STEP4 STEP5 

Flowing 1OOA 13OA 16OA 2OOA 2SOA 
current (5 C.) (7 C.) (8 C.) (10 C.) (13 C.) 

TABLE 2 

ATmax: Difference between highest temperature 
and temperature before evaluation 

Flowing Positive electrode Negative electrode Case center 
current A terminal (C.) terminal ( C.) (° C.) 

100 7.3 5.3 11.6 
130 13.1 9.6 18.0 
160 21.6 15.3 27.2 
200 38.9 21.3 40.4 
250 66.2 34.5 49.7 

As is evident from Table 2, at a pulse current of 100A, the 
difference between the temperature before the evaluation and 
the highest temperature was largest at the case center, and was 
11.6°C. At a pulse current of 130A, the difference between 
the temperature before the evaluation and the highest tem 
perature was largest at the case center, and was 18.0°C. At a 
pulse current of 160 A, the difference between the tempera 
ture before the evaluation and the highest temperature was 
largest at the case center, and was 27.2° C. 
As is evident from FIGS. 15 and 16, in the battery accord 

ing to the fifth embodiment, a pulse current of 200 A was 
permitted to flow in the battery for 60 minutes or more. As 
shown in Table 2, the difference between the temperature 
before the evaluation and the highest temperature was largest 
at the case center, and was 40.4°C. As is evident from FIGS. 
17 and 18, when a current of 250A was caused to flow in the 
battery, the measured voltage was less than 1.5V, which was 
the lower limit of the predetermined Voltage range (i.e., a 
charging and discharging stopping condition). Therefore, at 
this time, the evaluation was forcibly ended. As shown in 
Table 2, as for temperature rises of the measured points, the 
difference between the temperature before the evaluation and 
the highest temperature was largest at the positive electrode 
terminal, and was 66.2° C. Even when a large current of 250 
A was caused to flow in the battery, a problem of heat gen 
eration was not caused. In the predetermined Voltage range 
(of 1.5 to 2.9 V), a pulse current of 250A was permitted to 
flow in the battery for 25 minutes. 
The fifth embodiment can provide a battery having a struc 

ture making it possible that a large Volume of a flat-shaped 
electrode group is stored in a case to give a high energy 
density, and further the resistances of connecting sections of 
positive and negative electrode leads, and others are 
restrained to collect electricity efficiently. Additionally, the 
fifth embodiment can make an improvement in the Volume 
efficiency of a battery having a structure in which an electrode 
group, tabs and leads are insulated electrically from a case. 

In the second to fifth embodiments, the same positive and 
negative electrode terminal materials, positive electrode, 
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negative electrode, separators, and electrolytic solution as 
those described in the first embodiment may be used. 

While certain embodiments have been described, these 
embodiments have been presented by way of example only, 
and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying aims 
and their equivalents are intended to cover Such forms or 
modifications as would fall within the scope and spirit of the 
inventions. 
What is claimed is: 
1. A battery comprising: 
an electrode group in which a positive electrode and a 

negative electrode are wound into a flat form with a 
separator interposed therebetween, the positive elec 
trode comprising a positive electrode current collector, 
and the negative electrode comprising a negative elec 
trode current collector; 

a positive electrode tab which is a section of the positive 
electrode current collector projected into a spiral form 
from one end face of the electrode group; 

a negative electrode tab which is a section of the negative 
electrode current collector projected into a spiral form 
from the other end face of the electrode group; 

a conductive positive electrode nipping member compris 
ing first and second nipping sections and a linking sec 
tion which connects the first and second nipping sections 
electrically to each other, the first and second nipping 
sections dividing the positive electrode tab into two 
bundles in which portions of the tab are laminated onto 
each other in a thickness direction of the electrode 
group, the first nipping section nipping one of the two 
bundles, and the second nipping section nipping the 
other of the two bundles; 

a conductive negative electrode nipping member compris 
ing first and second nipping sections and a linking sec 
tion which connects the first and second nipping sections 
electrically to each other, the first and second nipping 
sections dividing the negative electrode tab into two 
bundles in which portions of the tab are laminated onto 
each other in the thickness direction of the electrode 
group, the first nipping section nipping one of the two 
bundles, and the second nipping section nipping the 
other of the two bundles; 

a case in which the electrode group is stored; 
a lid provided to an opening in the case, and comprising a 

positive electrode terminal and a negative electrode ter 
minal; 

a positive electrode lead comprising 
a connecting section connected electrically to the positive 

electrode terminal, and 
current collecting sections which are two sections 

branched from the connecting section and sandwiching 
the positive electrode nipping member, one of the two 
sections being connected electrically to the first nipping 
section of the positive electrode nipping member, the 
other being connected electrically to the second nipping 
section; and 

a negative electrode lead comprising 
a connecting section connected electrically to the negative 

electrode terminal, and 
current collecting sections which are two sections 

branched from the connecting section and sandwiching 
the negative electrode nipping member, one of the two 
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Sections being connected electrically to the first nipping 
Section of the negative electrode nipping member, the 
other being connected electrically to the second nipping 
section. 

2. The battery according to claim 1, wherein the positive 
electrode tab, the first and second nipping sections of the 
positive electrode nipping member, and the current collecting 
sections of the positive electrode lead are joined to each other 
by ultrasonic welding, and 

the negative electrode tab, the first and second nipping 
Sections of the negative electrode nipping member, and 
the current collecting sections of the negative electrode 
lead are joined to each other by ultrasonic welding. 

3. The battery according to claim 1, wherein a thickness of 
each of the first and second nipping sections of the positive 
electrode nipping member is smaller than a thickness of the 
positive electrode lead, and a thickness of each of the first and 
Second nipping sections of the negative electrode nipping 
member is smaller than a thickness of the negative electrode 
lead. 

4. The battery according to claim 1, further comprising: 
a first insulating cover comprising a resin molded product 

having a shape which covers areas of the positive elec 
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trode lead, the positive electrode nipping member and 
the positive electrode tab which are areas opposed to an 
inside surface of the case; and 

a second insulating cover comprising a resin molded prod 
uct having a shape which covers areas of the negative 
electrode lead, the negative electrode nipping member 
and the negative electrode tab which are areas opposed 
to the inside surface of the case. 

5. The battery according to claim 4, wherein the first insu 
lating cover comprises a hole which is a channel between the 
case and the electrode group. 

6. The battery according to claim 4, wherein the second 
insulating cover comprises a hole which is a channel between 
the case and the electrode group. 

7. The battery according to claim 4, wherein the first insu 
lating cover comprises a convex portion projected toward an 
end face of the positive electrode tab, and the second insulat 
ing cover comprises a convex portion projected toward an end 
face of the negative electrode tab. 

8. The battery according to claim 4, further comprising an 
insulating tape which is arranged on an outermost circumfer 
ence of the electrode group. 


